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Summary 


bosrer, C. B. (1974).—Stratigraphy and palynology of the Permian ai Waterloo Bay, Yurke 
Peninsula, South Australla. Trans. R. Soc. S. Aust. 98(L), 29-42, 28 February, 1974. 


Whe discovery of Permian and reworked Devonian microllorus in glacigene sediments 
fram the Troubridge Basin Jed to a detailed study of the stratigraphy and palynology of the 
Waterloo Bay arca. Quantitative palvnological analyses indicate one microfloral assemblage 
which is equated with Evans’ (1969) "Stage" 2 microflora and is of Early Permian age. As 
a result thess sediments have been correlated with other Permian deposits in southern, eastern 
and western Australia. A biofacies study indicates a low salinity palacoenvironment which 
most probably resulted from deglaciation coinciding with a marine iranspression that wus 


Alfecting Southern Australia at this. time. 


Introduction 


Palynostratigraphic corrclations with other 
Permian deposiis of Australis have resulted 
from the recovery of Permian, and reworked 
Devonian, miuspores from sediments of the 
Waterloa Bay area (Fig. 2). The sediments of 
the Troubridge Basin are regarded as glacigene 
deposits (Lidbrook 1969a). Field observations 
and 3 biofacies analysis presented io this paper 
support this and the consequent overall palaeo- 
geographic. setting. 

The first record of à Permian niicroflara 
within the Troubridge Basin (Fig: 1) was given 
by Cookson (1955, p. 57) when she teparted 
reworked palynomorphs in a deposit of 
“probable Eocene age", More recently, Harris 
& McGowran (1971). recorded for the first 
time ir situ Permian miospores. One sample 
collected from the Waterloo Bay area yielded a 
particularly well preserved assemblage. The 
purpose of this study was to re-examine the 
section containing this assemblage. This in- 
volved detailed mapping and precise strnti- 
graphic sampling. Samples collected yielded 
palynomorphs. and Foraminifera: no other 
fossil groups were found. Subsurface matertal 
from the Peesey Swamp bore, PDH No. |, 
provided moderately well preserved assem- 
blages allowing an intrabasinai correlation, This 


was in contrast to the subsurface material 
examined by Harris & McGowran- which was 
poorly preserved, Bore locations are shawn in 
Fig. 1. 


Methods 
Cli sections were measured using a 
Jacoh ‘taf with a sighing attachment 


(Kottlowski 1965). Working from the water's 
edge, it was possible using Tide Tables 
(S.A. Dept. Marine & Harbours 1972) 1o cal- 
culate the height of the base of the cliff sec- 
tions above mean sea level. This provided the 
"datum" shown in Fig. 2: Section locations. 
were plotted on a base map prepared from air 
photographs (S.A. Dept Lands, Svy.962: 
2549, 2535) and section heights checked with 
the Edithburgh Topographic Map (Sheet 828; 
S.A. Dept. Lands). A 7 cm diameter “post 
hole digger” was used for field sampling to 
obtain less weathered samples at depth (max. 
Ween). 

Palynological samples were. prepared by 
treatment with hydrofluoric acid to remove 
silizates. Excess organic material was then re- 
moved using warm Schulze solution followed 
by alkali. The use of heavy liquid density 
scparations (ZaBrs: S.G. 1.98-1:6) and ultra- 
sonic cleaning improved the yield, Samples 
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examined for Foraminifera were processed 
using standard techniques (Glaessner 1945). 

Palynological residues and strew slides 
deposited in (he South Australian Geological 
Survey Palynological Collection are prefixed 
"S". Slide coordinates given are from a Leitz 
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Fig. 1. Locality map. 
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Froubridge Basin, às defined by Wopfner 
(1969), It is gently umlulating with sali lakes 
occupying many DF the low lying preas. The 
existence of these lakes, many with scattered 
erratics abuui their margins (Howchin 1900), 
uifers the ubiquity of Lhe underlying Permian 
clays. A (hick calcrete capping obscures the 
geology of the area except in coastal sections 
where maximum thicknesses of 31 in are cx- 
posed. Large erritics and beulder trains litter 
‘ouch of the beach area, Pink garnetiferous 
sands, Which have been associated with glaci- 
gene deposits (Coats 1962), occur in high con- 
cenitations along parts of the beach. 


Stratigraphy 

Columnar stratigraphic sections snd the 
coastal. profile of Waterloo Bay are shown in 
Fig. 2. 

Permian 

The lowermost outcrop, a brown grity silt- 
stone containing erratics, occurs st beach level 
and is poorly exposed, Small-scale shimp stme- 
tures Were observed, although elsewhere there 
is no evidence of bedding. Samples collected 
from thts level were barren. 

Overlying this, and formiag the base of the 
cliff sections, are black to hlue-grey, sandy, 
mieaceous. clays. They are carbonaceous in paty 
and on weathering appear ercy-white, The sand 
fraction is poorly sorted iml ranges from clear. 
angular to frosted, well rounded grains. Maxi- 
mum thickness of the unit is 12 m. Small 
erratics. (3 cm?) af granitic, gneissic and 
quartzosc compasilion are scattered through- 
out. These arc smaller than the erratics on the 
beach, which have heen reworked to form 
modem las deposits The sediments ate 
moderately indurated, but lack the fesility 
typical of shales and the compactness of mud- 
stones; comequently they are referred to as 
claystones (Pettijohn 1957). Samples yielded a 
well preserved micrafora und a few arenaccous 
Foraminifera, 

Interbedded within the claystanes arc dis- 
continuous sand lenses, which include fine 
grained light blue to white and coarse red 
sands.. The origin of these sands is not known, 
alihough R. P. Harris (1971, unpublished B Sc. 
Honours Thesis, University of Adelaide) has 
suggested that they are wind blown. Samples 
collected from these lenses for foraminiferal 
analysis were barren. Many of the lenses 
exhibit prominent ferruginous concretionaty 
Structures, up to 1 m in diameters these are 
most probably weathering features. Generally 


the contact between the claystones and the 
sand is Sharp; al one locality (Section 8, Fig, 
2). Ihe lens overlies a cobble bed (40 cm 
lhick) but itiş nol traceable for mare than 2 
in. The hed could represent Permian reworked 
sediments forming a channel deposit. Similar 
las deposits were seen at Point Turton (Fig. 

Much of the unit is severely. ironstdined 
which gives the outcrop x grey/ orange mottled 
appearance, This — appareni — lateritization 
(Crawford 1965) could be a post-Peemian sur- 
face feature, Ludhrook (1965), however, 
records iron-staining in subsutface material. 
Reynolds & Johnson (1972) have reported 
chemical weathering (láteritization) in a recent 
subglacial environment, and so the possibility 
of this being a Permian feature cannot be dis- 
counted. 

A comparison uf the outcrop With the 
lithologies. logged from the Stansbury No. 1 
ind Minlaton No. 1 Stratigraphic bares (Lui- 
brook 1965) places the claystones high within 
Ihe focal Permian section and includes them 
within the Cape Jervis Beds {we also Lud- 
hrook (969b). 


*Permian Clays and Sandstones 

Clays, which are mottled reddish green, 
occur mamly as slope cover, The heavily 
weathered nature of dhe unit obscures ils houn- 
dary contacts (max. thickness 5 m). 

Sandstones, which consist of grey white, ill- 
sorted, poorly indurated clayey sand with small 
ersatics. Where it is not in direct contacl with 
the sca (er. Section 8), it weathers to farm 
peculiar columnar structures. These appear to 
be the result of two sets of “jointing”; the 
earlier horizontal set could be following bed- 
ding planes with the latter set perpendicular to 
the first. Maximum thickness 4 m. 

Samples collected from these units were 
barren and considering the possibility of post- 
Permian reworking their exact ave is mol 
known. An essentially similar outcrop io that 
of Section 8 was found at Port Móorowie 
(Sections 2 and 3) and has been mapped as 
"Permian" by Crawford (1963). 


Tertiary 

These are horizontally bedded, buff to pink, 
polyzoal limestones (Section 10) thal have 
been sporadically calcreted. They form resis- 
tant headlands for 2 km along the coast to 
Tronbridge. Hill. Underlying the calerete the 
pinkish limestone is strongly recrystallised and 
Shows numerous irregular ‘solution: cavities. 
Below this level the unit becomes less recrystal- 
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Hsed and contains distinclive bui coloured 
*sub-units". Angular quartz gravel hands grad- 
mg upwards to coarse brown iron-stained sands 
occur nl several intervals throughout the unit. 
Maximum thickness 24 m. 

Foraminifera fiom samples. of these less in- 
dürated sub-units indicate a Late Eucene age 
and suggest correlation with Rogue Formation 
und hasal Port Willunga Beds (J. M. Lindsay. 
1972, S.A. Depariment of Mines, unpublished 
report, RB 72/190). 

The Phocene Hallet Cove Limestone, which 
Crawford (1965) has shown to occur ut Point 
Gilbert, was nut found at this locality. 


Ardrossan Clays: and Sandrock (Crawlord 
1965) 

The maximum thickness of the unit at this 
locality is 1.7 m. This includes the. moitled 
green-brown sandy clays containing grit bands 
and «deeply weathered crratics ynd the uncon- 
formably overlying red-brown clays with their 
distinctive “alunite and/or kuolinite’ hands 
(Crawford 1965, pp. 40-41). 

X-ray diffracuimeter (X.R.D.) analysis of 
samples collected from these bands jüdicated 
mainly ilire (M. J. Love, personal communica- 
tion). A similar lithology was sampled at the 
Tertiary/ Permian contact (Section l0) and 
XRD. analysis showed a -stmilat clay 
mineralogy to that from the Quaternary 
sequence, Therefore, it is most likely thal these 
bands are ii post-depositional feature. 


Quaternary Acolianite and Calcrete 

Acolianile, the maximum exposure of this 
prcy-white poorly indurated calcarenite (§ ni). 
occurs where it forms a prominent headland and 
an ussuciated wave-cut platform (Section 5, 
Fig, 2). This is the only section which exhibits 
large seule eross-bedding. Elsewhere in the pro- 
file the unii is horizoníally hedded but is easily 
identificd by its distinctive “swallow hole” 
wwilhering pattern. Planktonié aid benthonic 
Foraminifera recovered by Lindsay (1973, 
cied ahove? fram a well bedded buff cal- 
carenite (1 m thick) contained within the 
aeolianite sequence (Section 5) were con- 
sidered by Lindsay to indicate a Late Cainozaic 
age and identilicalion as Bridgewater Forma- 
tion (Firman 1969). 

Calerete, of varying thickness (üp to 8 m), 
and in part underlying the aeoiianite, forms a 
hianketing surface seen in all sections. In 
places it was possible to identify up to five 
distinctive “heds which were of limited lateral 
extent. One such "hed^ (0.8 m, Section 3} 
consisting of black, rounded ta angular frag- 


ments within a light green caleireuus matrix. 
could be traced for 10 m befor: becnming 
"absorbed" into the more missive featureless 
calcreie 10 the east and faulted out to the west. 
The unit is sandy and friable at the base 
becoming more nodular to massive at the top. 
Taxonomic List of Permian Microflara 

Forty-six species, from thirty genera, of 
lcrmian: palypomorphs were identified fron ten 
samples. Sample locations not shown on Fig. 
Z uccur away from the sections illustrated. 
Precise locations of all samples accompany the 
slides deposited at the Geolugical Survey. 
Fifty-two strew slides were examined; selected 
species are figured. The miospote genera. are 
arranged alphabetically within the classificatory 
scheme proposed by Potunié (1956 aid subse 
quent publications) und its emendations, 
especially those of Dettmann (1963). 

Where necessary, brief roles on taxa have 
beer included; the descriptive terminology ised 
is in keeping with Kremp (1965). Disaccate 
measurements ate in accord with: Segroves 
(1969, Fig. 1, p. 176). 

Quantüalive microfloral dala and the 
chronostratigraphic significance of the Water- 
lon Bay Assemblage are discussed later in the 
paper. 

Anicttrma SPORITES H, Potuni¢ 1893 
Turma MONOLETES Ibrahim 1933 
Suprasubiurma ACAVATOMONOLETES Dettminn 
1963 
Subturma AZONOMONOLETES Luber 1935 
Lacvigalusporl(es. flexus Segroves 1070. (Fiy. 

14) 

Laevigatosporites sp. 
Taubercalatosporites mmadiens Balme & Hen- 
nelly 195f 


Turma TRILETES Reinsch, emend. Detiniann 
Suprasubturma ACAYATITRII ETFS 
1963 
Subturma AZONGQTRILETES Liber, cmend. 
Dettmann 1963 
Acunihoniletes terctiangulatus Balme & Hen- 

nelly 1956 
Apiculutisporis levis 

Segroves 1970 
Apieulatisporis sp. (Fig. 8) 

Tricte, laesurae’ extending ta equator and 
sometimes — bifürcating ät termini. Lips 
developed 0.5,m. wide and uasculptured. Amb 
round to oval, boundary uneven. Spaisaly 
spaced broad coni (1-2 jm. wide) are arranged 
concentrically on the distal (ace. Diarerer (10 
specimens) 18-37 pm, 
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Fig. 2. Colummar stratigraphic sections and coastal profile, Waterloo Bav. 
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Baculatisporites sp. 
Calamospora. diversiformix Balme & Hennelly 

1956 
Calamospora sp. cf. C. microrigosa. Schopt, 

Wilson & Bentall 1944 
Deltaoidospoia directa. (Balme & Henneily) 

Norris 1965 
Densoisporites solidus Segroves 1970 
Granulatisporites sp. cf. G. misinis Balme & 

Heinnelly 1956 
Granvlatisporites. trisinus Balme & Hennelly 

1956 
Horriditritetes ramosis. (Balme & Hennelly) 

Bharadwaj & Salujha 1964 
Krauselisporites. sp. 

Leschikisporis testus Segroves 1970 
Laphorriletes sp.. (Fig. 11) 

Tulete, triangular amb with strongly 
developed concave sides, paralleling the 
laesurae, Raised lips (1 um) slightly thickened, 
Exinc | um thick supporting on.the distal sur- 
face and ut the equator small blunt cones (2 
am high, 1 um. apart} and spines 2-4 pm, 
1.5 pm apart. Ornament facking on proximal 
face. Diameter 35um. Differs from cf. L- rarus 
Bharadwaj & Salujha 1964 hy the strong con- 
cavity of the amb and the increased ornament, 
but lacks the thickened interradial seas of L. 
noviens Singh 1964, 

Microbaeulispora tentula Tiwari 1965 
Punciatisporites gretensiy Balme .& Hennelly 

1956 
Princtatisporites sp. cf. P. gretensis (Fig, 7) 

In all regards this form resembles P. grerer- 
tis. except in size. Av, diameter 20 pm cf, 118 
pm of the latter: The exine, 2 um, is thicker 
than that af P. minimus de Jersey 1960, 
Verruacosisporites sp. 


Anteiurma POLLENITES R., Potomé 1931 
Turma PLICATES Naumova 1939 
Subturma MONOCOLPATES Iversen & 
Trocls-Smith 1950) 

Cycadopites cymbatuy (Balme & Hennelly) 

Segroves 1970 
Marsupipollenites triradlatii (orma triradiatus 
Balme & Hennecily 1956 


Turma SACCITES Erdtman 1947 
Subturma MONOSACCITES Chitaley emend. 
Potonié & Kremp 1954 
Paasaccites gondwanensis (Balme & Hen- 

nelly) Segroves 1969 (Fig. 16) 
Pardsaccites sp.. A (Fig. 17) 

Monosaccate, trilete scar ruptured on several 
specimens. Distal saccus attachment overlaps 
1/3 of corpus diameter, Amb triangular, with 


undulant margin. Corpus rounded triangular in 
shape. Sacci brochi clongate, 0.5—1 pm ia 
diameter. Dimensions (3 specimens) - T.D, 60 
um, C.D. 30 pm. This species differs from 
V. iriangularis (Mchta) Lele 1964 in that the 
corpus is roundly triangular and not circular. 
Parasaccites sp. 

Parasaccites sp. cf, V, Mehtae Lele 1964 
Parasaccites diffusus Tiwari 1965 
l'otonieispoiltes balmei (Hart) Segroves 1969 

(Fig, 9) 

?Hoffmeisterues sp. (Fig. 19) 

Monosaccate, Amb oval, corpus. sub-circu- 
lar with marginal. folds, Trilete mark iot seen. 
Saccus attachment. is equatorial and sub- 
equatorial. Dimensions: longitudinal axis. 160 
pm; transverse axis 100 ym; corpus diameter 
75. pm. 

Subturma DISACCITES Cookson 1947 
Alisporiies gracilis Segroves 1969 
Limliüsporites moersensigs, (Grebe) 

1963 (Fig. 13) 

Limitisporites sp. cf. L- reetus Leschik 1956 

(Fig. 21) 

Dillers from. £L. recius being somewhat 
larger; total breadth 76 um, breadth of corpus 
42 pm; saccus length 38 m, corpus length 46 
pm; cappa width 26 um. 

Protohaploxypinus rugatus Segroves 1969 

Striqtoabietites multistriatus (Balme & Hen- 
nelly) Hart 1965 (Fig. 5} 

Sulcatisporites sp, 

Sulcatispurites sp. ch S. splendens Leschik 

1956 (Fig, 18) 

Villatina sp. 


Klaus 


Incertae Sedis 
Group ACRITARCHA Evilt 1963 
Subgroup ACANTIIOMORPHITAE Downie 
et af. 1963 
?Balusphaeridiwe sp. (Fig. 12) 
Micrhysteidium spp. 


Subgroup POLYGONOMORPHITAE Downic 
et al, 1963 
Veryhachinm spp. (Fig. 10) 


Subgroup NETROMORPHITAE Downie et «f. 
1963 

Lelafusa spp. (Fig. 15) 
At 


gac 
Botryococcus braunii Kützing 1849 (Fig. 6) 


Composition of Palynologicsl Assemblage 

No significant quantitative changes in mio- 
spore composition were recorded from any of 
the samples (see Fig. 3), Unforhinalely, 
spores fron) the Upper samples in Peesey 
Swamp No. L (10.6 m—45 m) were too poorly 
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Fig. 3. Quantitative comparison of microfloral assemblages. 
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preserved io allow airy firmer conclusions other 
than that ihe fissemblige is of Permian age. 
Consequently, only: one nticrofloral assemblage 
is considered to be present, 

This well preserved. moderately diverse 
assemblage is dominated by monosaccate 
pollen including Poronícisporites balnei and 
Parasaccites spp. (av. 20%, max. 30%). 
Monoculpule pollen. Cvcadopites cyimbatits, is 
also abundant (5-1094) as iy the trilete spore 
Microbaculispore tentula (12% y- Nonestriate 
bisaccates form a minor element of the assem- 
bage (3¢¢) and striate bisaccates are tare 
(<1%%). Four genera of spinose acritarchs 
are present! (up to 1356) and include Very- 
bachin. Micrhystridium, and Leioftsa. Per- 
centages are biased on a. total count of 1,600 
4pecimens. 

Apart trom these elements, a well preserved 
reworked Middle ta Late Devonian microflora 
(up tu 255) is present, including Geemninospure 
leatueeta Balme, | Convolatisporu.— fromensis 
Balme & Hassell, and Aneivosporg sp. Fungal 
spores, algae, fioiryococeus. hrannti, and wood 
fragments lurm à minor background element. 
No megaspores were Sound. 


Biosiratigsaphy and. Age 

The Australian Permian — mizrafloral 
sequence: has been subdivided into various 
palynostratigraphic zones. Evans (1969), 
working in southern and xustem Australia, 
erected. a five-fold subdivision (“Stages 1-5) 
which he considered ranged from Late Car- 
honlferous through to Late Permian (Stages 
2-5). He related these Stages to the early 
woth hy Balme (1964) in Wester Australia. 
Paten (1969) re-subdivided Stapes 4-4 into six 
4ub-slapges on material from ihe Cooper Rasin 
(South Australia). More. recently’ Scgroves 
(1970) produced five ussemblage zones within 
the Permian sequence of the Perth Basin. The 
relationship hetween these schemes is showh 
in Fir. 4, Although the lute Early to Late Per- 
miar subdivisions do zot.apply io this study, 
they have heen included for completeness 

Revognition of these subdivisions 1$ based 
Upon the first appearances of key species and 
the quantitative composition of the assemblage 
(in particular Segmves 1970; this study). Prob- 
lems exist using this approach heeause of 
facies varialims (Balme 1969; scc later}, and 
in many cases the precise stratigraphic ranges 
of the key species arc not known Negative 
evidence such us the absence of a particular 
Stave (ndivautor within 2. well preserved assem- 


blage ja often uscd to preclude ii. trom being 
younger thin that Stage. This approach may 
not be desirable and it retlecis the need for 
further study of the Australian Permian, The 
writer i$ currently engaged in research into 
these problems in the Bowen Basin, central 
Queensland, 


Corrclation 

The Waterloo Bay Assemblage may be com- 
pared with Eyans (1969) assemblages 
("Stages") and with those of Segroves (1970)- 
‘The correlation usme both works is shown 
separately and the differences are discussed. 

Two species, Deltoiduspora direeta and 
Marsupipollenites triradiutus forma triradiatus, 
which. Evans (1969, Vig. 4) has Showa do not 
oceur in wsentbliges older than his Stage 2. 
were found. in the Waterlon Ray Assemblage. 
In addition the presence of striate bisaccate 
forms. vu. Protalieploxypinus rugatus, exclude 
ihe: assemblage from Stage 1. The absence of 
Verrucavisporites pseudoreticniats, a Stage 3 
index form, within this well-preseryed assem- 
blaze, is taken lu indicate thar the microflora 
is nut younger thin Stage 2. Consequently, 
using these criteria the Waterloo Bay Assem- 
blage is eytialed with Stage 2, 

1n terms of Segroyes’ units (1970, 1cxt. fix, 
2) the Waterloo Bay Assemblage compres 
closely: with that of the "Microbaculispora 
Assemblage" (Stage 2, Evans" units). A quanti- 
tative comparison is given in Fig. 3. The 
slightly higher percentaze of striite bisuceale 
pallen at Waterloo Bay suggests that its micro- 
llora is younger than the Perth Basin. assem- 
htage, and js therefore correlated. with the 
upper Nangetty Formation, Perth Basm 


However, using the range chari (Segroves 
1970, fig. 4) the Waterloo Bay Assemblage 
appears to correlate with the “Acanthotrileres 
Assemblage” {Stage 3 plus lower Stage 4; 
Evang units). The species whose ranges indi- 
cate this are Grranilatisporites trisinus, Tuber- 
cahitasporites modicus and Laevieatosporites 
Jlexus; and are included with several olher 
species (viz. C diversiforrts, 4. reretiangu- 
latus, A. levis} of the ten considered diagnos- 
tic of that assemblage (Segroves 1970, p. 514). 
‘Yo check this discrepancy the two mierofloras 
were compared quantitatively (Fig, 3). The 
Waterloo Bay Assemblage way found to differ 
from the “Acanthotctleres .Asscmblagc" as 
fallows: 


(i) The greater atuindance of monosaccute 
pollen. 
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(i) The greater abundance of spindse acri- 

tarchs. 

(Hi) The lower frequency of bisaccate 

pellen, 

The first two can be explained by facies 
variations, the acritarehs indicating saline con- 
ditiohs, while the monosacente. pollen. indicate 
proximity to the floral source, as their disper- 
sal is etfected. by wind and water currents 
(Muller 1959). However, the low frequency 
of bisaccatés cannot be explained by the same 
reasuning, and is considered significant as they 
reflect the progression of foral evolution 
(Balme 1962). Consequently the apparent 
correlation (ic. with the “Acanthatriletes AS- 
semhiaze”) is ejected. Because of this, the 
stwatigraphic ruuges of these three species, met- 
toned nbove, presumably extend into cariicr 
Permian striata, 


Age 

Marine shelly fossils from the Nangetty For- 
mation. Perth Basin, and the Upper Lochinvar 
Formation, Sydney Basin, hoth Stage 2 micro- 
tloral localities, have been correlated with those 
from the type Sakmarian (Dickins 1963, 
19632, b) and ate accordingly of Early Per- 
mian age. The Waterloo Bay Assemblage cor- 
telated herein with the Stage 2. microflora is. 
thercfore, of Early Permian age. Moreover the 
gross microftoral composition of this assem- 
blage, in particular the low percentage tacniate 
hisaccate pollen, is considered indicative of 
middle Sakmarinn age (Halme 1962; Segroves 
1969: Hart 1971). 

Although problems in correlating the Aus- 
tralian Permian with the standard Russian sec- 
tions exist (see Waterhouxe 1970), the 
Standard Stage names ate used in this paper 
to allow sapid comparisons with earlier pub- 
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lished works. However, should the recent von- 
clusions of Balme (1973) regarding the posi- 
tian of the Carboniferous/Permian boundary 
te accepted, the Waterloo Bay Assemblage will 
he of Late Carboniferous age. 
Local Jinplicatians 

Correlations with other Permian scudiments 
within South Australia are shown in Fig. 4. 
Such information is useful in palaeogeorraphic 
and environmental interpretations, Within tlic 
Troubridge Basin the outcrop at Waterloa Bay 
has been correlated with at least 35 m of Per- 
mian sediments intersected (45-80.5 m) in 
Pcesey Swamp Na, |; 

The high frequency of reworked, exccl- 
lently preserved Devonian spores suggests a 
local origin (Harris & McGowran 1971). Long 
distance transpart along ice movement paih- 
ways from areas of proven Devonian sedimen- 
tation. (eg. Antarctica, Uclhy & Meckroy 
1969) would destroy the palynontoiphs, pat- 
Ucularly these with delicate appendages such 
as Aneryospora. This is further evidence of 
Devonian deposition within the State (sec 
Harris & McGowran 1973). 


Environment 

The following environmental inferences are 
made [rom a consideration of the preserved 
associations of microfassil groups in the Water- 
foo Bay sediments. 

Spinose acritarchs have in general been re- 
garded us indicators of marine conditions or 
matine influences (Downie, Evitt & Sarjeant 
1963), Smith & Saunders (1970, p. 324) 
demonstrated that -acsitarchs of the same 
genera (viz. Veryhachium, Baltisphaeridiiun; 
also see Staplin 1961) as those from Permian 
sequences are "confined to areas continuously 
or intermittently open to marine waters and 
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Tig 5. Striatuahietites miultistriutus (Balme & Uenneliv) Hart, S 2267/3, 23,8: 114.1. 
Hip. 6. Botrvococcus Pbrüunii Kützing, S 2267/1, 25.5:113,0, 

Fig. 7, Punctatisporites sp, ch. P. gretensis Balme & Hennelly, 8 2267/4. 40,8:1101.9. 
Fig. S. Apiculatisporis sp., S 2441/2, 27,8:110.1. 

Fig. 9. Poronletsporites baimei (Hart) Segroves, S 2390/|, 32,3:99.N. 

Fig. 10, Vershachium sp. (cluster), S. 2267/4, 27.0:100.4. 


Fig. 
Fip, 
Fig. 


1]. Laphateiletee sp,, S. 2388/1, 48.0: 104.7; 


12. TBaltisphaeridiurr sp., S 2389/1, 39.0:95,0. (Nomarski Interference.) 
13. Lirnitisporites maersensis (Grobe) Klaus, S 2267/4, 25.5:110.8. 


Fig. 14. Lacvigatosporítes flexis Segtroves; S 2267/4, 25.8: (16:3. 


Fig. 
Fi. 
Fir. 


15, Letofesa sp, S 2389/1, 33.0:93.3. 


16. Parasuccites gondwunensly (Bolme & Hennelly) Segtoves, S 2267/2, 36.8:109 2 
17. Parosaccites sp. A, S 2419/1, 41.1:112.4, 


Fig. 18. Suicatisporites. sp. ct, S. splendens Leschik, S 2390/5. 20.0: 109.1. 


Fig. 


19, PHoffmeisterttes sp.. S 2380/5, 39.6: 109.6. 


Fig. 20, Geminospora lemuraia Balme (reworked Devanian example), S 2267/4, 99,6: 40.4 
Fie. 21. Limitisporites sp. cf- Ta rectus V eschlk, S 2388/3; 32.6:92.8. 
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do nor occur m (uviul deposirs". Data from 
SAG. Cootanoorina No, 1 (Arekaringy Basin, 
Harris & McGowran 1973] are in keeping with 
this conclusion and suggest a threshold salinity 
is required. for their oppearimec. 

Within the Permian sequence ob. Waterloo 
Ray the association. af spinose acritarehs. and 
areniecous. Foraminifera 1 (uken to indicie 
unequivocally manne conditions. Further- 
mote, a dow aalinírv marine environment is in- 
ferred from the following: 

(1) The presence of Honrvococeus. braunii 
within ihe assemblage. This is generally 
rerarded as a fresh wuter species (Blackburn 
1936; Dulhuniv 19-44) although Cookson 
17953) has revonled B. wauni From. Recent 
brickish waler environments, 

(2) The meagre foraminiferal assemblage 
vionsimstinp of only a few specimens (IN) of 
wpparentis only ; single species, Henidiscuy 
Þbalmei Ludbrook. 1967. which i$ a prünitive 
ionn, for which u low salinity environment 
seems likely: (Harris & McGowran 1971). 

(3) The excellent preservation of the mió- 
spores, in particular. the reworked Devontan 
forms. Tschudy (1969) has shown that such 
preservation would best be achieved under flow 
pH, negative Eh conditions where bacterial 
aelivily is minor, Such. conditions are 
commonly developed on lake bottoms and in 
closed basins; L. not normal marine situations. 

Accordingly it iy believed. that the Permian 
sequence ul Waterlooa Bay was deposited in à 
low salinity muine or qtasimarine enviran- 
ment. 


Evidence of Permian glacial activity within 
the Troubridge Basin, particularly on Fleuricu 
Peninsula (Fig. 1); has been well documented 
(sce Ludbrook 19692). At Waterloo Bay 
glacial inlluenee is indicated by critics und 
rare faceted pebbles which occur within the 
sequence. Agcordinuly cold climatic conditions 
are inferred. This view is also muintained hy 
Ludhrook (1967, 19693) and Harris & MeGow- 
rity (1971) whe have stated that the aten- 
uceous foraminiferal assemblages are also con- 
sistent Wilh cold water conditions (see above). 
Moteover trourhs or fiords have been postu- 
hited as the sites of deposition of the micro- 
faunas (1Ludbrook 19693). 


The diversity of the microflaral assemblage 
al Waterloo Bay suggests, however, that con- 
ditions were not fully glacial and that the cli- 
mate tas becoming warmer. In a comparative 
study of. microlloral assemblages (Stare 2) 
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from Antarctica, South America and Pakistan, 
Kemp (1973, p. 38) concluded it was likely 
that the sediments extimined “represent a late 
sage in the glacial history of the arcas 
studied". 

An active leztonic. environment covering all 
of southern Australia has heen proposed. by 
Wopftier (1970) und MeGowrai (1973), Both 
workers hive postulated that minal rifting 
between Australia and Antarctica occured 
during this time. Althoneh there is little 
wher evidence from the present study. it is 
mast likely that (he sediments were depüsited 
ur graben siructiies founed by syngenetic 
faulting (see Woptner 1970). The immediate 
environnieut of deposition. using this nadel ts 


the sinie us that proposed. hy Ludbraok 
(196%). although “Alpine type" glacial 


features as proposed hy Campana & Wilson 
(1953) would not be present. 


Synuthesn 

From the =o microfloral evilence it ts 
postulated that the period of glaciation was 
ending., Svndepositional movement. in partitu- 
lur uphft during deglaciation, rejuvenated 
erson and increased sedimentation rales, 
Rapid rates of sedimentation ane supported by 
ike presence of unallered. biotite, which forms 
à significant part of the micaccous clement of 
claystanes (sex Woptner 1970). and the excel- 
lent preservation of the reworked Devonian 
Imiospores, Such preservation demands rapid 
recycling Within a reducing ciWindanent. 

There is clear evidence that during this 
period a mune insression occürred. It is sue 
vested that inflowing glaci oo meltwalers 
appreciably lowered the salinity of the ineress- 
ing set imd consequently restricted faunis to 
aremiccous Foraininifera, 

This madel, consistent with known sedi- 
mentologicul und — palacontological — dala, 
cquates the sediments of Waterloo Bay with the 
second marine shale unit of Wopfner's (1969) 
three-part lithological sequence. for the Per- 
mim of South Australia. The youngest imit, 
vencrally a fresh water deposit, has not been 
recorded within the Troubridge Basin. 


Conclusions 


From the results of a taxonomie study 
given. in this. paper, the Waterloo Bay Assem- 
blage is correlated with Evans’ (1969) “Stage” 
2 microflora (lower Dalwood Group, Sydney 
Basin) and equated with the “Microbucalis- 
pura Assemblage” (Nungetty Formation, Perth 
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Basin}, This and fhe grass quantitative niicro- 
foral dina indicate a probable Sakmarian 
(Early Permian) age. 


The stratigraphic seyuenve described is of 
locat importance and includes two Cainozorw 
discoveries; the dating of the Tertiary lime- 
stones dt Late Eocene, and a further record ot 
planktonic Foraminifera within the Quaternary 
acolianitic sequence. 


From u -consideration of the palynomorphs 
and associated arenaceous Foraminifera, a law 
salinity environment of deposition was con- 
cluded. It is thought to have resulted from 
glacial meltwaters lowering the salinity of an 
ingressing sea. 
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